Abstract: We offer the technology of synthesis of the basic foundations of lubricants from natural raw materials -animal and vegetable fats. The relevance and novelty of the research is to use the technology of recycling polymer waste. This allows adjusting the rheological, physical, mechanical properties of lubricants. We propose a method to estimating the propensity to oxidation of natural fats based rheometric measurements. We studied the efficiency of the various classes of industrial antioxidants.
INTRODUCTION
A determining tendency of the development of modern technologies in most industrial branches, automotive, agricultural and aeronautical engineering in particular, is combining of high efficiency with the problems of environmental protection, reduction in energy and material consumption, recycling of used products.
Modern land-based, air and water vehicles, agricultural, mining and forest machinery, industrial equipment of different industries, chemical, oil-producing, metallurgical and machine-building technologies are power-intensive. Lubricating materials must ensure high resource-saving characteristics of machinery under operation and they cannot change their technical properties during their useful life [1] . Due to enhanced environmental requirements and machinery operating conditions the urgent problems of the development of new lubricating materials based on recyclable materials and improvement of existing brands of lubricants arose.
The great majority of lubricating materials are produced on the base of oil or synthetic oils obtained by a purposeful synthesis of organic and hetero-organic compounds (polyolyphines, polyesters, esters of organic and inorganic acids, esters of polyatomic spirits, polyhalogen derivatives of hydrocarbons, siloxanes, etc.).
Raw material needs for lubricants manufacturing make up approximately 1 % of total consumption of petroleum products. However, a considerable part of used products get into the environment polluting soil, water, and atmosphere.
Petroleum products are slowly biodegradable, used lubricants are particularly resistant to biodegradation, high hydrophobic properties facilitate their retention in soil.
More than 140 kinds of concentrated multiring carbohydrates, the number of which increases with the use of a lubricant, are identified in used lubricants. Water pollution by used oil lubricants alone makes up 20 % of total anthropogenic pollution or 60 % of oil pollution.
In accordance with the concept of "green tribology" the main task is the choice and realization of environmentally friendly way of power engineering development. The search and substitution of mineral raw materials for alternative products based on ecological renewable raw materials of natural origin are one of the priority directions of solving the problem of energy and resource saving. The correctness of such choice is proved by the high dynamics of the world market and considerable growth of the technical use of vegetable oils.
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The most strikingly it is shown in the USA and Western Europe where vegetable oils are widely used in chemical industry to produce ecological surfactant species, high-quality compound feeds, bio-diesel fuel, base for motor, hydraulic and plastic lubricants, and various lubricant additives. In recent years the practical use of vegetable oils has grown appreciably in the following spheres: agriculture, construction industry, sports and medical equipment. Nowadays they are widely used for lubrication of petrol-powered saws, outboard motorboats, motorcycles, snowmobiles, air compressors, etc [2] .
The analysis of problems of the technical use of rapeseed oil indicates the ambiguity and complexity of practical solutions [3] [4] .
Rapeseed oil has a number of essential shortcomings from the point of view of both an independent lubricating material and a dispersion medium for plastic lubricants: a) rather high chemical activity, thermodynamic instability for account of, first of all, a big quantity of unsaturated bonds in the structure of triglycerides of fatty acids; b) high content of erucic acid; c) insufficient viscosity for a dispersion medium [5] .
Inedible animal fats, which are available, nontoxic, completely biodegradable and possess lubricating properties as well, can be an alternative raw material for production of plastic lubricants. Besides, what is of special importance, animal fats unlike vegetable oils are meat-processing industry wastes and there is no need to produce them. Therefore, from the point of view of ecological approach (life cycle analysis -LCA) animal fats have a considerable advantage over vegetable fats [6] .
The use of animal fat based lubricants is restricted due to a high temperature of their crystallization and considerable oxidation in the operating process [6, 7] .
One of the directions of the research into developing bases of lubricating materials on the base of natural fats with the use of the technology of recycling polyethylene terephthalate wastes is suggested. Developed techniques make it possible to regulate rheological properties of bases and control tribological characteristics of consistent grease in the stage of synthesis.
Susceptibility of natural fats as the base for lubricating materials to oxidation, and the effect of different antioxidants on oxidation resistance of fats were under study.
The majority of investigations into the use of natural fats as a base for lubricating materials focus on vegetable oils [8] [9] [10] [11] . There are relatively few papers devoted to the use of animal fats in the production of lubricating materials.
EXPERIMENTAL PART
The following research methods were used in the work: -rheometric investigation -dependence of dynamic viscosity on the temperature and the rate of change in shear deformation was studied with the use of Brookfield Viscometer 
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RESULTS AND DISCUSSION
The results of rheometric investigations of initial fats and acylglycerides synthesized on their base are shown in figures 1-4. Figures 1, 3 show graphs of dependences of change in dynamic viscosity on temperature. Figures 2, 4 show graphs of dependences of change in dynamic viscosity on the rate of shear deformation.
Formulation of mathematical models of change in viscosity depending on the rate of shear deformation for given fats is fully described (confidence of fit 89.7 %) by equation of flow of nonNewtonian pseudoplastic fluids Power Low (1):
where: τ is a shear stress, dyne/cm 2 ; k is a coefficient of viscosity, mPa . s; ̇ is a shear rate, s -1
; n is an index of fluidity.
The biggest values of dynamic viscosity over the range 50 0 С to 140 0 С and rates of shear deformation are observed in case of beef fat, which is proved by its chemical composition and a considerable part of saturated fatty acids. Depending on the same parameters viscosity of liquid oils (rapeseed and sunflower seed oils) differs little in the type of change (figures 1-2).
Comparing to fats the nature of acylglyceride flow changes and is described by Herschel-Balkley (2), confidence of fit 98 -99.6 %, equation for viscoplastic fluids. τ=τ 0 +k̇n (2) where: τ is a shear stress, dyne/cm 2 ; τ 0 is a static value of shear stress, dyne/cm 2 ; k is a coefficient of viscosity, mPa . s; ̇ is a shear rate, s -1 ; n is an index of fluidity.
By rheological characteristics acylglycerides verge on behavior of consistent grease for which the ultimate stress of shear τ 0 is characteristic at the expense of the processes of structurization of viscous body in volume.
Acylglycerides obtained on the base of natural fats are regarded as intermediate product of the subsequent process of obtaining consistent grease at the expense of their saturation by recyclate of polyethylene terephthalate waste. It can be supposed that synthesized materials will meet rheological criteria for consistent grease. Indirect confirmation of it is complication of the processes of volumetric structurization in the row: fat -acylglyceride -lubricant base, which reveals itself in growth in slope of the first part of the branch of relation  = f (T) with rise τ 0 from 0 for fat to 600 D/cm 2 for synthesized base (without thickening agents) Fig. 5 . Quantitative value of assessing oxidation susceptibility of fats and lubricants depending on change in dynamic viscosity is suggested relying on importance of research into assessment of oxidation stability of fats.
The value of "oxidation susceptibility" according to the results of measurements of viscosity depending on temperature (3) and viscosity depending on the rate of shear deformation (4):
where: Apt ɳT -oxidation susceptibility calculated in terms of change in viscosity depending on temperature; Aptɳ ɣ̇ -oxidation susceptibility calculated in terms of change in viscosity depending on shear deformation; ɳ T,o -the values of change in viscosity depending on the temperature of oxidized material at a selected temperature; ɳ T,i -the values of change in viscosity depending on the temperature of a virgin sample at the same temperature; ɳɣ̇,0 -the values of change in viscosity of oxidized material depending on the rate of shear deformation at a selected value of shear deformation; ɳɣ̇,і -the values of change in viscosity of starting material depending on the rate of shear deformation at the same value of shear deformation.
The calculation was performed for viscosity values at 50 0 С and 100 0 С using formula (3).
To perform the calculations using formula (4) we selected reference values of shear deformation of 1330 s -1 (100 rpm) and 10667 s -1 (800 rpm), figures 6-7.
Calculation of oxidation stability of fats and fat-based products according to the results of rheometric measurements is rather an informative technique. It makes it possible to record changes occurring in material by oxidation and forecast further behavior of a lubricant under operation. Directivity of the processes of oil oxidation can be indirectly estimated by extent and character of change in viscosity.
The value of oxidation susceptibility of the following industrial motor oils: mineral Lukoil 10w-40, semisynthetic Optimum 10w-40 SL/CC, synthetic Mobil-1 New Life 0w-40 Sn/SM is calculated as the object for comparison. Calculation was made according to the results of kinematic viscosity measurement expounded in paper [12] Fig. 6 . In the process of oxidation a decrease in viscosity for Lukoil and Optimum oils became apparent. The viscosity of Mobil oil increased after oxidation. Calculation of "oxidation susceptibility" for oils under study revealed values comparable with our fat oxidation data. It should be noted that calculation of "oxidation susceptibility" by change in viscosity of oils depending on shear rate provides higher absolute parameters of value than those obtained by calculation by change in viscosity depending on temperature. It can testify that changes occurring in material under oxidation affect the mechanical, deformation component of lubricant structure. The analysis of obtained results corroborates our conclusion [13] that beef fat is the least susceptible to oxidation, sunflower oil is less resistant.
Efficiency of impact of different antioxidants on the process of oxidation of animal fats is defined on the basis of the proposed estimate, formulas (3)-(4) and the results of experimental research (Figures 8-9 ). Irganox L150 and Irganox L64, which are the mixtures of amine and phenol high molecular compounds, are the most effective oxidation inhibitors for natural fats.
CONCLUSIONS
The investigation makes it possible to propose an effective method of estimation of oxidation susceptibility of fats and lubricating materials using the results of rheometric examination of changes in effective viscosity with a rotational viscometer.
A mixture of amine and phenolic high-molecular compounds should be considered as the most effective antioxidant for natural fats with a glance of features of chemical processes accompanying their oxidation.
